The external jugular vein (EJV) is a useful intravenous (IV) cannulation site for anesthesiologists, although it has a relatively high failure rate. Unlike other central veins, visualization of the EJV is important during IV cannulation, and the Valsalva maneuver distends the jugular venous system. However, the relationship between the maneuver and EJV visibility remains unknown. This study compared EJV visibility before and after the Valsalva maneuver. Methods: This was a prospective observational study that included 200 participants. After the induction of anesthesia, EJV visibility grade, depth from the skin to the EJV superficial surface (EJV depth), and EJV cross-sectional area (CSA) before the Valsalva maneuver were measured. The same parameters were measured after the Valsalva maneuver was performed. The EJV visibility grade was defined as grade A: good appearance and good palpation, grade B: poor appearance and good palpation, and grade C: poor appearance and poor palpation. Results: Patient body mass index and EJV depth affected the EJV visibility grade before the Valsalva maneuver (p < 0.05), although EJV CSA did not. The Valsalva maneuver distended EJV CSA and reduced EJV depth, although these changes were not correlated with EJV visibility grade. With regard to EJV visibility, 34.0% of grade B cases and 20.0% of grade C cases were improved by the Valsalva maneuver. Conclusions: Although the Valsalva maneuver improved EJV CSA and EJV depth, it did not greatly affect EJV visibility grade.
Introduction
The external jugular vein (EJV) is a commonly used route for intravenous (IV) cannulation during general anesthesia. EJV cannulation is also indicated in the intensive care unit when massive and/or quick fluid administration or central venous pressure measurements are needed. [1, 2] The EJV has many benefits compared to other IV routes, including the central veins, as it is easy to visualize (even during cardiac arrest), is located in a superficial location, and is relatively easy to access without imaging modalities. [1, 3] However, the EJV route also has a relatively low success rate. [4] According to a few reports, the low success rate of the EJV route is related to its poor visibility and anatomical variability, as well as the practitioner's technique. [5, 6] To increase the success rate of EJV cannulation, many methods have been described, including distending the jugular venous system [7] and using ultrasound to visualize the EJV. [8] [9] [10] In addition, the Valsalva maneuver, Trendelenburg's position, and abdominal compression can dilate the EJV and provide a similar beneficial effect. [7, 11] However, cc This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. the primary outcomes in the previous studies were not the EJV's visibility, but rather the cross-sectional area (CSA) as measured via ultrasound. [12] Moreover, the factors related to the improved EJV visibility are not yet known.
We designed this prospective observational study to evaluate the hypothesis that distension of the EJV CSA using the Valsalva maneuver would improve the EJV visibility. Therefore, the study's primary objective was to compare the EJV visibility before and after the Valsalva maneuver in patients who were under general anesthesia. The secondary objectives were to compare the EJV CSA and depth from the skin to the superficial surface of the EJV (EJV depth) using ultrasonography before and after the Valsalva maneuver, and to evaluate the relationship between changes in EJV visibility grade and other variables.
Materials and Methods
This prospective observational study was conducted be- The EJV visibility grade was evaluated by a single observer to reduce bias. The EJV CSA and EJV depth were measured three times at the cricothyroid membrane level, and the average of these values was used for the analysis. A thick layer of ultrasound gel was applied to prevent EJV compression.
The patient's blood pressure, heart rate, and airway pressure were recorded during the Valsalva maneuver to monitor for complications. In this clinical trial, we defined hypotension and bradycardia as a 20% reduction in the initial value.
If hypotension or bradycardia occurred during the Valsalva maneuver, the procedure was stopped and the hypotension was managed by changing the patient's position and using 
Results
Two hundred individuals were recruited for this study and complete data were collected for all participants (Fig. 2) .
The participants (115 women and 85 men) had an average age of 50 ± 17 years, average weight of 65.1 ± 38.8 kg, and an average height of 160.0 ± 10.0 cm. The demographic and baseline data according to EJV visibility grade classification are presented in Table 1 . BMI and the EJV depth before the Valsalva maneuver affected the EJV visibility grade before the Valsalva maneuver, although the EJV CSA was not related to the EJV visibility grade. In addition, a positive correlation was observed between BMI and the EJV depth before the Valsalva maneuver(r = 0.27, p < 0.001).
The Valsalva maneuver significantly affected both the EJV CSA (Fig. 3A) and the EJV depth (Fig. 3B) the EJV CSA due to the Valsalva maneuver, EJV depth before the Valsalva maneuver, and changes in the EJV depth due to the Valsalva maneuver. However, none of these factors were significantly associated with the EJV visibility grade (Table 3) . During the Valsalva maneuver, no complications were observed, including hypotension and bradycardia.
Discussion
After the Valsalva maneuver, the EJV CSA and EJV depth changed significantly (Fig. 3) , although only 27.2% of the patients (visibility grade B and C) exhibited an improved visibility grade (Table 2) . We were unable to identify any factors that were related to the change in EJV visibility grade (Table 3 ). In addition, even a significant change in the EJV depth after the Valsalva maneuver did not affect the EJV visibility grade, unlike the initial EJV visibility grade ( 156.9%). [7] These results are similar to ours, but EJV visibility was not considered in the previous study.
The Valsalva maneuver is performed using a forceful attempted exhalation against a closed glottis, leading to incremental increases in intrathoracic pressure and size of the extrathoracic veins, including the EJV. [14, 19] Cardiovascular responses such as heart rate, blood pressure, stroke volume, and venous return, differ with various strain pressures in the Valsalva maneuver. [19] In this clinical trial, we successfully applied a low strain pressure and short duration for the Valsalva maneuver to avoid any cardiovascular complications. [13, 19] Several limitations of this study should be considered when interpreting the results. First, actual cannulation of the EJV was not performed in this study, and we only evaluated various factors that might have been linked to the EJV's gross appearance. Second, although the EJV depth was associated with the visibility grade before the Valsalva maneuver (Table 1) , and subsequently decreased after the Valsalva maneuver (Fig. 3B) , the actual change in the visibility grade was minimal (Table 2) . Therefore, we cannot comment on the magnitude of in the EJV depth that is needed to improve the visibility grade. Third, only one observer evaluated EJV visibility in this study. Although it is good to increase interobserver reliability, this practice could also have caused bias in the intra-observer reliability. Further studies should incorporate EJV cannulation before and after the Valsalva maneuver. In addition, the success rate of EJV cannulation by the visibility grade should also be explored.
In conclusion, although the Valsalva maneuver increased the EJV CSA and decreased the EJV depth, it did not greatly improve the EJV's visibility.
